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(54)litle: A CIRCUIT FOR USE WITH MICROPHONES 




(57) Abstract 



This invention relates to a circuit for processing output signals from at least two microphones spaced relative to a sound 
source. Circuit (10) has inputs (11, 12) which are connected to the respective outputs (13, 14) of microphones (15, 16). The micro- 
phone (15) is directed to a sound source (17) whilst the microphone (16) is directed away from that sound source. A sound path 
(19) is defined between the microphones (15, 16). The inputs (13, 14) are connected to a summing junction (22) via respective am- 
plifiers (20, 23) and in om channel the signal is inverted and in the other channel the signal is delayed. By suitable adjustment of 
gain and delay, the circuit can be arranged to either cancel noise generated from a sound source other than (17) and/or to adjust 
the directionality of the microphone system. 
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a r; ^ -rgui-t tor- use wi th Microphones 

This invention relates to a circuit for processing 
output signals from at least two microphones spaced relative 

to a sound source . 
5 It has been proposed for sometime to form a directional 

microphone by using a single diaphragr> with a cavity on each 
side. Each cavity is connected to a respective input and 
the input which is furthest away from the sound source of 
interest is provided with an acoustic delay in the form of 
10 baffles and the like creating a longer sound path. If the 
spacing between the inputs and the delay created within the 
rear input are each equivalent to X/4 then sounds received 
from the direction of the intended source are effectively 
added at the diaphragm, but sounds reaching the rear input 
15 first are cancelled at the diaphragm. This arrangement has 
several disadvantages: first it is very difficult to adjust 
the acoustic delay, secondly it takes no account of the loss 
in sensitivity between the rear and front inputs and hence 
cancellation is incomplete and thirdly it is extremely 
20 frequency dependent. 

From one aspect the invention provides a circuit for 
processing output signals from at least two microphones 
spaced relative to a sound source and producing respective 
output signals, comprising an input for each microphone, 
25 means for time delaying the output signals of all the 
microphones bar one relative to the output signal of said 
one. in accordance with the intended relative spacing between 
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.„h n>iorophon.B and said one microphone, n.eans tor 
l^^ino 1*. outpu* of the o« microphone or the outputs of 
the other .Aerophones or microphone, means for attenuating 
or amplifying one or more of the output algnals so as to 
5 select the relative amplitudes of the output signal, derived 
from sources other than the sound source and mean, for 
the processed output signals to provide a final 

ou'tpu'fc signal. 

The delay means may delay signals after they have 
10 passed through the inverting means and/or the amplifying and 
attenuating means and indeed the order of processing is not 
i„.portant and the inversion and gain adjustment can be 
carried out on either set of signals. The time delay means 
are preferably pure time delay means so that they do not 
15 introduce phase shifting and thus, at least over the audio 
range, are substantially frequency independent. For 
example, they may be constituted by a linear all pass 
filter, a digital delay line or surface wave device. 
Similarly it will be understood that the invention covers 
20 circuits in which the one output signal is phase shifted by 
360" or a multiple thereof. 

It is particularly preferred that the gain of the 
amplifying or attenuating mean is adjustable and can be used 
to either equate the output signals for full cancellation or 
25 to adjust the degree of directionality and that the or/each 
delay means is adjustable. 

The invention also includes a microphone system 
comprising a microphone and a circuit as defined above, the 
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output of the microphone being connected to an input of the 
circuit. 

Preferably there is a plurality of microphones each 
connected to a respective input of the circuit and the one 
5 microphone is that which is intended to be nearest the 
desired sound source. The microphones may be physically 
connected, in which case they may be acoustically decoupled, 
and in any event they may be arranged in a line. The 
microphones at the ends of the line may be directed in 
10 opposite directions, but other orientations can be used with 
suitable adjustment of the delay means. 

in one convenient embodiment there are two microphones 
mounted on a single head in opposed relationship. 

Although the invention has been defined above it is to 
15 be understood that it includes any inventive combination of 
the features set out above. 

A invention may be performed in various ways and will 
now be described, by way of example, with reference to the 
accompanying drawings, in which: 
20 Figure 1 is a schematic diagram of an embodiment of a 

Circuit for processing output signals from two microphones; 
and 

Figure 2 shows a diagram of a typical directionality 
response. 

25 Referring to Figure 1 a circuit is generally indicated 

at 10 and has inputs 11,12 to which are connected the 
respective outputs 13,14 of omni-directional microphones 
15,16. 
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Th. microphones 15,16 ar. mounted in a houalng .o that 
they are heW at a fi^ed spacing and ar. oppositely 
directed. In use it is int«>ded that the microphone 15 
Should be directed towards a sound source 17 whilst the 
5 microphone 16 is directed away from that sound source. A 
sound path 19 is defined between the microphones 15,16 
around the side of the housing. It will he understood that 
sound will arrive at one or other of the microphones first 
and the delay between that sound being received at the other 
microphone is a function of the length of the sound path 19. 
The length of the sound path 19 is preferably shorter than 
one wavelength of the maximum freguency to be cancelled and 
may desirably be less than one half of that wavelength. 

Turning to the circuit 10, the input 11, «hich is 
related to the main sound microphone 15, is connected via a 
buffer amplifier 20 and a signal inverter 21 to a summing 
junction 22. The input 14 is :=onnected to receive the 
output of the rearward facing microphone 16 and again has a 
buffer amplifier 23, but this time with an adjustable gain. 
Ihe output of the amplifier 23 is fed to a main time delay 
24 which is selected to produce a pure time delay «pial to 
that created by the sound path 19. The output of the delay 
24 is f«l to the summing junction 22 where it is combined 

^ ^ ^ 4nvo7-tor 21 to produce a final output 
with the output of the xnvertor ^± ^ 

25 signal at 25. 

If the delay created by the sound path 19 and the main 
time delay 24 are approximately equal for the received sound 
fro. the main sound source 17, then the inputs to the 
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summing junction 22 will substantially add due to their 
phase shifting. If however a sound comes from a source 
whereby it will be first received by the microphone 16 
e.g. from 18) then each signal will be delayed by the same 
5 amount and the signals derived from that sound will be 
cancelled out. The result is thus that the background noise 
can. be to a great extent removed from the signal available 
at a 25. 

Because the gain of amplifier 23 is adjustable it is 
10 possible to compensate for the difference in signal strength 
derived from a sound from a particular location which arises • 
from the microphones 15,16 because one is further from the 
source than the other. This means that the cancellation of 
the undesired signals, i.e. those first received by 
15 microphone 16, can be particularly accurate, with the result 
that the microphone creates very little acoustic feedback. 
The forward feedback characteristic (i.e. with the 
microphone 15 directed towards a loudspeaker receiving a 
signal from 25) can be particularly improved if the 
20 frequency of the signal at output 25 is arranged to have a 
flat frequency response or is subsequently processed to 
produce such a response. 

The performance of the circuit 10 can be further 
improved by the introduction of parallel secondary delay 
25 paths indicated at 26. In particular these can be used to 
compensate for sounds which are located to the side of the 
microphones 15,16. 
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«, even better pertormance can ba achieved by 
increasing the nm.ber of -Icrophcnee and preferably the 
microphones are arranged in a line. They »ay all be 
^acted at right angles t= the direction of sound fro. 
source 17 or only the intermediate one. w be so directed, 
in this «n:angement each microphone will have a gain and 
delay channel connected respectively into the summing 
junction 22. 

The effect of the overall system, as shown in Figure 1, 
is to provide a highlV toectional microphone, as shown in 
Figure 2, with an anti-noise performance and" background 
noise and feedbaclc by up to SO.dB with a single main delay. 
The addition of secondary delays can improve this noise and 
feedbaclc cancellation still further. Alternatively, the 
circuit 10 can be used to adjust the directionality of the 
microphone on an infinitely variable basis. 

It is envisaged that one commercial arrangement of the 
invention would be a microphone having the circuit 10 formed 
in its chip, with the microphone connected to one input of 
the circuit and the other input or inputs being arranged for 
connection to respective other microphones. Preferably the 
microphones would plug into each other so that arrays of 
different lengths could be built up. 

It should be understood that the microphones 15,16 need 
not be omni-directional, particularly in multi-microphone 
eorrays. 
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CLAIMS 

1. A Circuit for processing output signals from at 
least two microphones spaced relative to a sound source and 
producing respective output signals, comprising an input for 
5 each microphone, means for time delaying the output signals 
of all the microphones bar one relative to the output signal 
of said one in accordance with the intended relative spacing 
between each microphones and said one microphone; means for 
inverting the output of the one microphone or the outputs of 
10 the other microphones or microphone; means for attenuating 
or amplifying one or more of the output signals so as to 
select the relative amplitudes of the output signals derived 
from sources other than the sound source and means for 
summing the processed output signals to provide a final 

15 output signal. 

2. A circuit as claimed in Claim 1, wherein the delay 
means delays signals after they have passed through the 
inverting means and/or the amplifying and attenuating means - 

3. A circuit as claimed in Claim 1 or Claim 2, wherein 
20 the inversion and/or gain adjustment is carried out on one 

set or the other set of signals. 

4. A circuit as claimed in any one of the preceding 
Claims, wherein the time delay means are pure time delay 
means • 

25 5. A circuit as claimed in Claim 4, wherein the time 

delay means are constituted by a linear all pass filter, a 
digital delay means or surface wave device. 

6. A circuit as claimed in any one of the preceding 
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Claims, wherein the gain of the amplifying or attenuating 
™eans is adjustable whereby the output signals can be 
equated for full cancellation or the degree of direction- 

ality can be adjusted. 
5 7. A circuit as claimed in any one of the preceding 

Claims, whereby the delay means is adjustable. 

8. A circuit as hereinbefore descaribed with reference 

to the accompanying drawings. 

9. A microphone system comprising a microphone and 
10 circuit as claimed in any one of the preceding Claims, 

wherein the output of the microphone is connected to an 
input of the circuit. 

10. A system as claimed in Claim 8, wherein there is 
a plurality of microphones each connected to a respective 

15 input of the circuit and wherein the one microphone is that 
which is intended to be nearest the desired sound source. 

11. A circuit as claimed in Claim 10, wherein the 
microphones are physically connected but at least 
substantially acoustically decoupled. 

20 12. A system as claimed in Claim 10 or Claim 11, 

wherein the microphones are arranged in line. 

13. A system as claimed in Claim 12, wherein the 

microphones at the ends of the lines are directed in 

opposite directions. 
25 14. A system as claimed in Claim 13, wherein there are 

two microphones mounted on the single head in opposed 

relationship - 

15. A microphone system substantially as hereinbefore 
described. 
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